Quantitation of cell number by a positron emission tomography reporter gene strategy.
An important potential of positron emission tomography (PET) is the capacity for quantitation of cell signals in an anatomic regions of interest. However, little is known about the constraints and parameters for using PET signal detection to establish cell numbers in regions of interest. In this study, we determined the correlation of PET signal to cell number, and characterized the cellular limit of detection for PET imaging. Cells expressing the herpes simplex virus type I thymidine kinase PET reporter gene (HSV1-sr39TK) were detected following accumulation of [(18)F]FHBG (9-[4-[(18)F]-fluoro-3-(hydroxymethyl) butyl]guanine) by microPET scanning and quantitation. When cells were cultured with [(18)F]FHBG in vitro, and then transferred to a model vascularized site, 73% retention was observed one hour post-transfer. Using this information, and the measured attenuation of PET signal in whole mouse scans, we assessed the per-cell uptake of [(18)F]FHBG in the vascularized site following standard parenteral administration of the substrate. We observed a cell number-dependent signal, with a limit of detection calculated as 10(6) cells in a region of interest of 0.1 mL volume. Quantitatively similar parameters were observed with stably tranfected N2a glioma cells and retrovirally transduced primary T lymphocytes. These methods and findings provide a strategy for quantitation of cellularity using PET imaging that has implications for both experimental models and clinical diagnosis.